Increased aortic stiffness is an independent predictor of death from cardiovascular disease in patients with end-stage renal disease (ESRD). Various factors that contribute to carotid-femoral pulse wave velocity (cfPWV) as a surrogate of aortic stiffness have been identified, but determinants of long-term worsening of aortic stiffness remain to be elucidated. To clarify the factors that accelerate aortic stiffness in hemodialysis patients, 148 patients with ESRD on hemodialysis were evaluated. At baseline, cfPWV and ankle-brachial blood pressure index (ABPI) were measured and clinical status including biochemical parameters, with or without hepatitis c virus (HCV) infection, diabetes mellitus (DM), cardiovascular disease, cerebrovascular disease and peripheral arterial disease at baseline, were evaluated. The cfPWV was measured again after a 3-year follow up and the annual change in cfPWV was calculated. The cfPWV decreased in 54 patients, worsened slowly in 47 (annual change in cfPWV ranged from 0 to 0.33 m s À1 per year), and worsened rapidly in 47 patients (annual change in cfPWV was more than 0.33 m s À1 per year). The prevalences of DM, HCV infection and peripheral arterial disease were the highest in the rapid progression group. Univariate analysis showed that age, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), LDL-C/HDL-C ratio, HCV infection, ABPI and number of vasculopathies were significantly associated with annual change in cfPWV. Stepwise regression analysis identified ABPI, LDL-C/HDL-C ratio and HCV infection as independent determinants of worsening of cfPWV. Further studies are needed to investigate the mechanism of HCV-related enhancement of aortic stiffness in ESRD patients.
INTRODUCTION
Cardiovascular disease (CVD) accounts for more than 50% of deaths among patients with end-stage renal disease (ESRD). 1,2 Large artery damage is prevalent in patients with ESRD and believed to contribute to increased cardiovascular disease mortality. Increased aortic stiffness, as assessed by pulse wave velocity (PWV), is an independent poor prognostic factor for cardiovascular disease and all-cause mortality in patients with ESRD. 3, 4 Several studies showed that age, vascular calcification, 5, 6 presence of diabetes mellitus 6 and vertebral bone mineral density 7 are determinants of aortic PWV in ESRD patients treated with hemodialysis (HD). Recently, we described that hemoglobin A1c was an independent contributor to aortic PWV not only in diabetic HD patients, but also in non-diabetic HD patients. 8, 9 However, there have been only a few studies that elucidated the factors that contribute to the rate of progression of arterial stiffening in ESRD patients treated with HD.
It is known that inflammation has a critical role in the pathogenesis of atherosclerosis, 10, 11 and that hepatitis C virus (HCV) infection is associated with increases in inflammatory makers. 12, 13 On the other hand, HCV infection is common in HD patients, 14, 15 and is associated with a higher all-cause and cardiovascular mortality, 16, 17 although it is not clear whether HCV infection per se reduces aortic compliance or not.
The aim of this observational study was to identify determinants of worsening of aortic stiffness during a 3-year follow-up period of ESRD patients treated with HD. Furthermore, the study focused on the effect of HCV on the development of aortic stiffening in ESRD patients.
METHODS

Study design and patients
In our previous cross-sectional study, 9 242 patients who had been treated by regular HD for more than 6 months at Murakami Memorial Hospital, Japan, underwent measurements of carotid-femoral PWV (cfPWV) and ankle-brachial blood pressure index (ABPI). Of these, 148 patients who could be followed up after 3 years from baseline measurements were enrolled in this study. Patients in a critical state, for example, severe cerebrovascular disease, severe peripheral arterial disease with amputation of the lower extremity and/or active gangrene, severe joint deformity because of rheumatoid arthritis, uncontrolled malignancy, decompensated liver cirrhosis, aortic ste-nosis or regurgitation, were excluded from this study. The local ethics committee approved this study, and informed consent was obtained before the measurements.
Data collection
The clinical data were collected by chart review and interview. Data related to time on dialysis (months), smoking habits, macrovascular complications (for example, coronary artery disease (angina or previous myocardial infarction) and cerebrovascular disease (stroke or transient ischemic attack)) were checked in all patients. Patients with an ABPI of o0.9 or more than 1.4 were considered positive for peripheral vascular disease.
Blood chemistry was determined twice per month before HD session, and included measurement of calcium, phosphate and hematocrit. Serum albumin, high-sensitive C-reactive protein (hs-CRP) and b-2-microglobulin were measured once every month. Intact parathyroid hormone (i-PTH) was measured every 3 months. Hemoglobin A1c assay was performed monthly in diabetic patients and every 3 months in non-diabetic patients using latex immunoassay. We used the annual average values of the abovementioned blood biochemistry parameters of HD patients for analyses (if duration of HD was o12 months, we used the average values from the start of HD to examination).
Serological tests for anti-HCV antibodies using second-generation commercial enzyme immunoassays were performed semi-annually. Moreover, HCV-RNA levels and genotype was determined for patients positive for anti-HCV antibodies. For RNA extraction, blood samples were collected before heparin administration. Patients positive for anti-HCV antibodies were considered free of HCV infection when HCV-RNA was not detected in the sample.
Blood samples for measurement of total cholesterol, triglyceride, highdensity lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C) and fasting blood glucose were collected in the morning after an overnight fast of at least 12 h. These measurements were performed within 4 weeks of measurements of cfPWV and ABPI at baseline.
Measurements of aortic pulse wave velocity and ankle-brachial blood pressure index Aortic PWV was assessed by measuring cfPWV using a PWV meter (VaSera VS-1000, Fukuda Denshi, Tokyo, Japan) on the morning before a midweek HD session with the patient in a supine position after a 5-min bed rest. Pulse waves were recorded by using sensors placed on the skin at the right carotid and right femoral arteries. Heart sounds S1 and S2 were detected by a microphone placed on the right edge of the sternum at the level of the second intercostal space. The electrocardiogram was recorded with electrodes placed on both arms and the right leg. The PWV meter measures the time intervals between pulse waves at the carotid and femoral probes (T), and between S2 and the notch of the carotid pulse wave (Tc). The cfPWV was calculated as follows:
where L is the measured distance between the heart-sound microphone and the femoral probe. The actual distance between the aortic orifice and the femoral site is estimated to be 1.3ÂL. (T+Tc) represents the time for the pulse wave to travel from the aortic orifice to the femoral artery. The PWV was measured for 10 consecutive pulses, and was the average used for analysis. The coefficient of variation of PWV was o5%.
ABPI was determined at the time of cfPWV measurement using the same device, which simultaneously measures the arm and ankle (brachial and posterior tibial) artery BP by oscillometry. ABPI represents the ratio of the lower value of the ankle systolic blood pressure (SBP) divided by the SBP of the arm without vascular access.
Follow-up measurements were performed 3 years from baseline measurement (average, 36.8 months, range, 36-39 months). The estimated annual change in cfPWV was calculated for each patient ((value at second examinationÀvalue at the first)/observation period (month)Â12 m s À1 per year).
Statistical analysis
Data are presented as mean ± s.e.m. or actual numbers. The Mann-Whitney test was used to compare the clinical variables between patients with or without HCV infection. Analysis of variance followed by Tukey's test for pairwise comparisons was used to identify differences among three groups. Categorical variables were subjected to w 2 -test as appropriate. Correlation analysis appropriate for normal (Pearson's correlation) and non-normal (Spearman's correlation) distribution was used to assess the associations of the estimated annual rate of increase in cfPWV with a number of other parameters. Correlations that were significant below the 10% level were entered into a stepwise regression model to determine the variables that independently influenced changes in cfPWV/year. Multiple logistic analysis was performed to determine the predictive factors for the fall in cfPWV during the follow-up period. A P-value o0.05 indicated statistical significance. All analyses were performed using a statistical software package (SPSS 11.0 for Windows, Chicago, IL, USA).
RESULTS
Characteristics of study population
Data of 148 patients (64 women) with a mean HD duration of 76.5 months were analyzed. All patients underwent hospital-based HD, with the majority on dialysis three times per week for 4 h each. The mean age was 62.4 ± 1.0 years (range, 23-82). The mean value of cfPWV at baseline was 9.57 ± 0.17 m s -1 , and increased significantly to 10.33±0.52 m s -1 at the end of the follow-up period (P¼0.002 by paired t-test). Out of the 148 patients registered in this study, 48 were diabetics. HCV infection was diagnosed in 15 patients, but none of the 148 patients had HBV infection. All but one patient were infected with HCV before commencement of treatment with HD. One patient started HD in 1974, and therefore HCV infection could not be confirmed before or after HD introduction. Table 1 shows the profile of the patients at baseline with or without HCV infection. Serum albumin, total cholesterol and HDL-C were significantly lower in patients with HCV infection than in those without HCV infection. Table 2 lists the characteristics of the 15 patients with HCV infection as well as the values of the estimated annual change in cfPWV. The underlying pathology of renal failure in this group of patients was similar to that in patients without HCV infection. There was no relationship between the estimated annual change in cfPWV and serum alanine aminotransferase (ALT), serum aspartate aminotransferase (AST), platelets count, serum albumin or HCV-RNA genotype in 15 patients with HCV infection.
Patients were also divided into three groups according to the change in cfPWV during the study period. Fifty-four patients showed a decrease in the follow-up cfPWV and they were defined as the regression group. Out of the remaining 94 patients, 47 showed progression in the follow-up cfPWV of more than 0.33 m s À1 per year (rapid progression group). The other 47 patients showed a slower progression (range, 0-0.33 m s À1 per year) of cfPWV (slow progression group). Table 3 summarizes the baseline clinical characteristics of the three groups. The mean age of patients of the rapid progression group was significantly higher than those of the other two groups. SBP of the rapid progression group was significantly higher than that of the slow progression group. However, the male/female ratio, duration of HD, body mass index (BMI) and diastolic blood pressure were similar among the three groups. The prevalences of diabetes and HCV infection were highest in the rapid progression group (P¼0.03 for both prevalences, w 2 -test). Serum albumin concentration of the slow progression group was higher than that of the other two groups. Both the total cholesterol and triglycerides were not significantly different among the three groups. HDL-C of the rapid progression group was lower than those of the other two groups and LDL-C of the rapid progression group was significantly higher than that of the regression group. Moreover, the LDL-C/HDL-C ratio of the rapid progression group was significantly higher than that of the regression group. Other blood tests were not different among the three groups. The prevalence of peripheral vascular disease, diagnosed by ABPI value o0.9 (none of the patients had ABPI more than 1.4), showed some variability among the three groups (P¼0.001, w 2 -test). Furthermore, the distribution of the number of complications was different among the three groups (P¼0.01, w 2 -test). Table 4 shows the results of univariate analyses of the relationships between the estimated annual change in cfPWV (m s -1 per year) and various clinical variables measured at baseline. A weak correlation was found between age at baseline and changes in cfPWV (r¼0.173; r¼0.04). HDL-C also correlated negatively with changes in cfPWV (r¼À0.206; P¼0.002), whereas LDL-C (r¼0.216; P¼0.01) and the LDL-C/HDL-C ratio (r¼0.256; P¼0.002; Figure 1a ) correlated positively with changes in cfPWV. Moreover, HCV infection and the number of macrovascular complications correlated positively with changes in cfPWV (r¼0.173; P¼0.04, r¼0.224; P¼0.008, respectively). ABPI correlated inversely with changes in cfPWV (r¼À0.289; Po0.001; Figure 1b) .
Determinants of aortic stiffening
Stepwise multiple regression analysis identified ABPI, LDL-C/HDL-C ratio and HCV infection as the best determinants of estimated annual change in cfPWV ( Table 5 ). The model suggested that a decrease of 0.1 in ABPI would produce a rise in the estimated annual change in cfPWV of 0.072 m s -1 per year. Furthermore, a rise of 0.5 in the LDL-C/HDL-C ratio would result in a 0.04 m s -1 per year increase and HCV infection would result in a 0.32 m s -1 per year increase in the estimated annual rate of increase in cfPWV.
Lastly, to determine the predictors of the fall in cfPWV during the follow-up period, multiple logistic analysis was performed. We entered the following variables into the analysis: age, sex, BMI, serum albumin, hs-CRP, calcium, ionized phosphorus, i-PTH, hemoglobin A1c and LDL-C/HDL-C ratio, use of angiotensin-converting enzyme inhibitors and/or angiotensin receptor blockers, HCV infection, previous macrovascular complications and diabetes. The analysis identified female sex (odds ratio¼2.71, 95% CI, 1.1-6.7, P¼0.02) and LDL-C/HDL-C ratio Changes of aortic stiffness in hemodialysis patients T Matsumae et al (odds ratio¼0.62, 95% CI, 0.41-0.93, P¼0.02) were significant predictors of the fall in cfPWV during the follow-up period.
DISCUSSION
Several studies have examined the determinants of aortic stiffness in ESRD patients, but there is limited information on determinants of progression of aortic stiffening in these patients. The result of this study showed that ABPI, LDL-C/HDL-C ratio at baseline and HCV infection independently determine and thus predict the increase in cfPWV in ESRD patients treated with HD. Previous studies suggested a link between infection with microorganisms such as Chlamydia pneumonia, 18 cytomegalovirus, 19 Helicobacter pylori 20 and herpes simplex virus, 21 and increased the risk of cardiovascular diseases; however, the atherogenic effect of viral hepatitis remains controversial. A study of the northeast German population reported no correlation between various serological markers for HBV and HCV infection and the risk of atherosclerosis. 22 In Japanese subjects, infection with HBV or HCV did not influence the severity of arteriosclerosis. 23 Moreover, chronic HBV and HCV infections were not associated with the presence or severity of coronary artery disease. 24 On the other hand, Ishizaka et al. 25 reported that HCV seropositivity was independently associated with carotid arterial plaque and carotid intima-media thickening in 4784 individuals who underwent a general health screening test. With regard to ESRD patients, Oyake et al. 26 indicated that HCV infection was associated with increased aortic stiffness and cardiovascular events in HD patients. Our results are in agreement with theirs, although differences in study design should be considered. The above associations between HCV infection and progression of atherosclerosis in the above studies 25, 26 are, however, studied in crosssectional design. On the other hand, we showed that HCV infection is an independent factor that promotes arterial stiffening, in spite of the fact that there were no associations between HCV infection and the value of cfPWV at baseline. It is still open to dispute whether HCV infection increases the susceptibility to cardiovascular disease or not. As shown in Table 1 , our data showed that patients with and without HCV infection were not significantly different with regard to the prevalence of macroscopic vascular diseases at baseline and onset of these diseases during the follow-up period. A small number of patients with HCV infection and the relatively short follow-up period could produce an effect, to some extent, on the results of this study. A more large-scaled longitudinal study might be required to elucidate the association between HCV infection and cardiovascular events. Kalantar-Zadeh et al. 16 described that the malnutrition-inflammation complex syndrome implicated poor survival and higher cardiovascular mortality of HCV-infected patients among HD patients. In this study, however, surrogates of neither malnutrition nor inflammation were associated with the estimated annual rate of increase in cfPWV, and HCV infection correlated independently with this variable. Moreover, the severity of liver damage, as reflected by ALT, AST, platelet count and serum albumin, did not correlate with the estimated annual change in cfPWV in patients with HCV infection. Considered collectively, we conclude that HCV viremia per se has a direct role in the progression of aortic stiffening rather than through the malnutrition syndrome induced by liver dysfunction. This interpretation seems to be supported by the results of Ishizaka et al. 25 Further studies are required to elucidate the mechanism of HCV viremia-induced aortic stiffening in patients with ESRD.
In a previous study that investigated changes in arterial stiffness over a 3-year period in middle-aged Japanese men free of renal disease, 27 elevated blood glucose levels contributed to the progression of arterial stiffness. As for ESRD patients treated with HD, Takenaka et al. 28 showed that PWV increased more rapidly in diabetic patients than in non-diabetics. Conversely, our present study did not show significant influence for diabetes on the progression of aortic stiffness. LDL-C/HDL-C ratio Although the precise reason for this discrepancy is not clear at present, it may relate to methodological differences. The previous studies measured ankle-brachial pulse wave velocity (ba-PWV), 27, 28 and therefore patients with peripheral arterial disease were probably excluded from the study. Thus, it is possible that participants in those studies were limited to cases with mild arteriosclerosis and that glucose impairment could more greatly affect the progression of mild atherosclerosis. Another possible explanation could be related to the observation that in several diabetic patients with poor blood glucose control at baseline, cfPWV decreased during the follow-up period with improvement in blood glucose control. There is controversy over the effect of disorders of lipid metabolism on aortic compliance. In several cross-sectional studies, lipid profile was not a determinant of PWV, 5, 6, 9, 29 whereas serum triglyceride correlated positively with ba-PWV in hemodialysis patients 30 and increments in ba-PWV. 28 Furthermore, intermediate-density lipoprotein cholesterol, which contains cholesterol and triglyceride, was an independent risk factor for arteriosclerosis. 31 This study identified the LDL-C/HDL-C ratio as an independent determinant of progression of cfPWV in HD patients. Moreover, logistic regression analysis showed that the LDL-C/HDL-C ratio was a significant predictor of the fall in cfPWV during the follow-up period. Most of our patients were normocholesterolemic, and therefore only five patients had taken statin at the start of this study, and three patients were prescribed the above agent for the first time during the study period. This suggests that values of LDL-cholesterol and/or HDL-cholesterol in the individual patient did not fluctuate markedly during the follow-up period. Thus, we speculate that a persistent rise in the LDL-C/HDL-C ratio, even if not high, may contribute to a worsening of aortic stiffness. Recent research indicates that statins reduce cardiovascular events in normocholesterolemic hypertensive patients. 32 We could not determine the beneficial effect of this medication on aortic stiffness in this observational study; however, lowering the LDL-C/HDL-C ratio could improve arterial stiffening based on the results of the logistic regression analysis.
One limitation of this study is that we did not determine the longterm effects of some medications that are known to reduce aortic stiffness, for example, lipid-lowering medications such as statins, 33 angiotensin-converting enzyme blockers, angiotensin receptor II blockers 34 or sevelamer 35 on changes in cfPWV. Prospective casecontrol studies are necessary to examine this issue in depth.
In conclusion, in this observational study, we assessed determinants of worsening of cfPWV over a follow-up period of 3 years. Our analysis showed that HCV infection was an independent determinant of progression of aortic stiffening, in addition to the LDL-C/HDL-C ratio and ABPI; however, at this stage, it is not clear how HCV infection promotes aortic stiffening. Further studies are necessary to investigate the mechanisms of HCV-related enhancement of aortic stiffening.
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